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OVERVIEW

Timeline
— Benchmarking at ANL started in 1998
— FY16 Completed Testing:
— FY16 Test Vehicles
« See Milestone on slide 6

MILESTONES: ARPF- PROVIDING DATA & "

FOR A WIDE VARIETY OF VEHICLE
TECHNOLOGIES 5 3 3 £ Bhas
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Budget
— FY16 $1,600k
— FY17 $1,300k (to-date)

DOE VSST barriers addressed:
— Computational Models, Design and
Simulation Methodologies (C)
* Model development and validation
— Lack of Standardized Testing Protocols
D
(- )Validating HEV, BEV & PHEV procedures
» Support of SAE committee (J2951 Drive
Metrics, J2907/2908 Powertrain rating,
J2263 Coast Down, etc...)

— Constant Advances in Technology (F)
« Public data generation from benchmarking
recent mass-produced BEVs and PHEVs.
« Advances in HEVs and Alt Fueled Vehicles
compared to previous models

= Partners:
— AVTA (Advanced Vehicle Testing Activity):
DOE, INL, Intertek CECET, ANL
— DOE, National Laboratories, USDrive,
OEMs, Component Suppliers, Vehicle
Competitions
— EPA, CARB, Environment Canada
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RELEVANCE: OBJECTIVES OF THE ADVANCED
POWERTRAIN RESEARCH FACILITY (APRF)

Technology Assessment

Assess state-of-the-art
transportation technology
for the Department of
Energy and Argonne
research interests

Research Oriented Test Facilities

4WD chassis dynamometer

e Thermal S "
Chamber:
OF to 95F

e Solar
emulation

eUpto
medium duty |

U.S. DEPARTMENT OF

ENERGY_

Vehicle Technology Assessment

Vehicle level

® Energy consumption
(fuel + electricity)

® Emissions

e Performance

¢ Vehicle operation and strategy
‘In-situ’ component & system testing

e Component performance,
efficiency, and operation
over drive cycles

e Component mapping

Argonne®

NATIONAL LABORATORY

Codes and Standards

No adpotion unless
new technology test
method provides fair
and accurate results

(& /

Downloadable Dynamometer
Database www.anl.gov/d3

¢ Test summary
results

¢ 10Hz data of
major signals

e Analysis

Presentations




RELEVANCE: HIGHLY LEVERAGED
DATA AND ANALYSIS YIELD REAL Technology Assessment
OUTCOM ES * Technology trends at

_ _ component and system level
Openly shared public data on advanced technology vehicles + Inform research goals
is very rare. The data may exist within the largest industry + Find efficiency opportunities
labs, but this data is confidential and closely guarded.

Modeling and Simulation

APRF * Component mapping
* Thermal analysis
Independent * Climate control system

and Public * Data for validation

Data and
Analysis

(Dynamometer\ - DOE Partner R
Downloadable Data Sets
Full data sets with more
Datalbang signalz anc;cmo:e tests
\__WwwanteowB3f A 21zl y, Independent Public Data
4 Analysis and Insights and Knowledge Base

* Academia, national
laboratories, startups,
suppliers, and OEMs

- Quantifies technology challenges
—> Leads to innovation in basic research
- Enable petroleum displacement through
\ technology assessment & data dissemination ) Argonne &
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MILESTONES: APRF- PROVIDING DATA FOR A
WIDE VARIETY OF VEHICLE TECHNOLOGIES

14

4 N

Milestones Chevrolet
Chevy Impala CNG (AVTA) ;| Impala Bi-fuel

vrP— Thermal
2016 Chevrolet Volt () ' B Research Mule

Ford Taurus

.. ; e-:' .
=) o~ Hyundai Sonata
~ ‘ PHEV
L2 BMW i3 Rex Wheel-hub dyno for Prius Prime Vehicle to building
. . 5 : Argonne &
Powertrain Power Testing connection  TUOLaimem



APPROACH: WELL-ESTABLISHED AND EFFECTIVE TEST
METHODS ADJUSTED TO INDIVIDUAL TECHNOLOGIES

The vehicle benchmark activity has been refined during
the past decade, which has resulted in:

= Advanced and unique facilities and instrumentation
= Continuous improvement of testing procedures

» Standardization of test plans including instrumentation and
drive cycles which are adjusted for individual vehicles

= Significant knowledge of advanced vehicles and testing
methods

APRF expertise in testing

Powertrains

* Conventional

* Hybrid Electric (HEV)

« Plug-in HEV (PHEV)

* Battery Electric (BEV or EV)

* Fuel Cell Vehicle
Alternative fuels

* Hydrogen, Natural Gas

* Ethanol, Butanol

* Diesel (Bio, Fisher-Tropsch)

Test /A Baseline Dynamometer Testing \

Process: Argonne » >
(ASORATORY n
> .
New vehicle 1. Preparation and 2. Dyno testing 3. Analysis o National Labs
Nz instrumentation < USCAR (OEMs)
technology? g c .
Specific — g Oﬂ\l__ *\EHL S
questions? =i = Areonns
Modeling o o WNREL |~
needs? — : hohdikid o
Larger study? k /
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APPROACH: PURPOSE BUILT RESEARCH LABORATORY
FOR AUTOMOTIVE TECHNOLOGY EVALUATIONS

= Level 1 and Level 2: Comprehensive /" Advanced Powertrain )
instrumentation and evaluation Research Facility
— Level 1: Systems level, reversible! The right tools for the task:
— Level 2: Focused, component and systems level | «  Ty0 chassis dynamometer cells
— Vehicle characterization (fuel and energy *  Custom DAQ, flexible, module-
consumption, emissions, performance) driven, used in both cells
— Vehicle operation and strategy * Thermal chamber which is 5-Cycle
— Component specific instrumentation for analysis compliant (+)

and modeling (speed, temp, and other technology
specific removable instrumentation)

=~ WA el A\WWD chassis

dyno with

= Drive cycles and test conditions thermal

— Standard drive cycles + technology specific
cycles, performance tests, vehicle and
component mapping cycles

— Thermal test conditions: 0°F to 95°F with 850
W/m?2 radiant solar energy (full “5-Cycle”)

— Additional testing at 0°F and 40 °F as desired

FTP UDDS @ 75 US06 @ 75 F_ g | HWFET @ 75 F SCO3@95F o UDDS @ 20 F, ;ga;- )
#1 Cold start T i ] = = g ==
B T P o W . et} (A - | 1 ) 5 1 j
s1-#4-+ #2 Hot start B o EaFa oA L E N % gy .
. I | 22 B

o ]‘.i . : ;:{l.u_u I | l_ ! l:__ b

. P
chassis

~ B —
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ACCOMPLISHMENTS: LEVEL 2 BMW I3 RANGE

EXTENDER crae ot

Engine not fueled

I FC 10x[L/100km] 1] \E{nﬁinle stoppgcf .
. : [ EC [DC Wh/mi ehicle speed [mp
US06 EV range: 68 miles Spemt o] e e e Wheel power [KW]
_ . o Engine fueled [mph] et Engine power [kW]
250 SO o DR T o I | EA o IO | B Engine notfueled [mph] | e Fuel power [kW]

Int Fuel 100x[L]
Int Battery 100x[kWh]
Cabin temp [C]

Mote: constant engine speed
and constant engine power

Engine speed [rpm)/100
............. Oil temperature [C]
Battery power [K\WV]
Motor speed [rpm]/100

200

Eng oil temp [C] \
h 7

1 |— ) -I

X 0431
o
1

150
100

w”f J..l."r 1l

S—
" [ Engine Starts [#]: 2 L
~~<_ |Engine ON [%]: 94.0 | L
~ i iy Iy T -
2000 4000 6000 6000 6200 6400
Time [s] Time [s]
04 Engine Efficiency (Fuel to Mechanical)
Engine Operation
e Observations:
" i I e « Two major operating
—_— - A oo .
= - s e afe speeds:
2 ' _ REXx Efficiency (Fuel to Electrical) « 2400 rpm for 5-8 kW
g0zt ' « 3550 rpm for 10-20 kW
& .‘;j- ' « 25kW max power at

4500 rpm which may
not be sufficient in
certain conditions

e
-
|
|

2014 BUWi3-REX |
0 5 10 15 20 25 30
Electric Power Output [kW] 8 Argonne &
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ACCOMPLISHMENTS: 2016 CHEVROLET VOLT

I FC 10x[L/100km]
"1 EC [DC Wh/mi]

Speed [mph]

Engine fueled [mph]
Engine not fueled [mph]
Int Fuel 100x[L]
Battery SOC [%] |l

1

5, | oy |
133 |
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ACCOMPLISHMENTS: 2017 PRIUS PRIME
TECHNOLOGY ASSESSMENT

2017 Prius Prime

Preliminary data (72F): Level 2 In-depth & invasive benchmark:
EV in charge depleting Technology assessment

Comparison to 2013 Prius PHEV Evaluation of automated driving features
Thermal limitations of air cooled battery Explore vehicle to grid connection

e 100kW 140
N

120} -

2017 Prime loads
engine higher on full
iy charge depletion test

T EOH3E% || g " B <
: _ ! i ~50kW

0007777 77T T T T T T re ey
e, ‘

350y Kd bt b

2017 Prime doubled |/ [ 2

battery voltage and

T 100}
power output Z 100
; ES:51#
S 250 §
o | A & G 2 O R,
m ' ! : ! =1
= ’ WA SV vy, e, \ 2
S 200 All data:; J=-0.062}+338: ; | E’
- e | ‘ e 60
¥ 1501 P A At i e \ e D 3
21] i ; : m
":/ : % 4_0__ ___________________________________________________________________
100 [ el da - 25kW L

\| 2013 Prius
PHEV data
(in gray) .

. | e LR LT 1) T e —

'. i 1
-200 -100 0 100 200 2090 3000 4000
Battery Current [A] Engine speed [rpm]

Data from FCT UDDS + FCT Highway + FCT US06 @ 72F 10 Argonne A
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ACCOMPLISHMENTS: BLENDED PHEV PETROLEUM
DISPLACEMENT POTENTIAL BASED ON DRIVE STYLE

The petroleum displacement of
different PHEVs depends on the size
of the EV envelop and how well it

2013 Prius 2017 Prius 216 Volt 2014 BMW i3

matches the driving requirements PHEV Prime REx
while in charge depleting mode. "0 e g /
Blended PHEVs 8 /
— Engine starts may occur due to high power &
demands from £ \
. Q
« Heavy accelerations £ 6 \
+ High speed operation (Speeds at which ‘=
people drive) 2
Thermal reason (cabin heat, exhaust g 4 ~ -~ ~
after treatment) o
3
< 2
EREV and BEVx
— Engine will not come ON in charge depletion
mode (except thermal perhaps) 0
- 100% Petroleum Displacement until 0 15 30 45 60 75 90
depletion (@ 72F) Vehicle “Speed [mph]

12 Argonne &
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ACCOMPLISHMENTS: BLENDED PHEV PETROLEUM
DISPLACEMENT POTENTIAL BASED ON DRIVE STYLE

2013 Prius
PHEV

2015 Accord
PHEV

2013 Fusion
Enerqi

2017 Prius
Prime

2016 Volt

2014 BMW i3
REX




ACCOMPLISHMENTS: ACTIVE TRANSMISSION

WARM UP RESEARCH

2013 Ford Taurus

Active Transmission Warm-up On

Cabin Heater

Test required

Robot driver

Conclusions

Measuring small changes in fuel
consumption is difficult, but the APRF
is well equipped for that task.

| Binary 3 way valve (ON/OFF) | Core * _ 7 FTP II::O/C] benefit ircr?ns' temp dlff
°
3Way Valve Statistical confidence 5 T p—
Consistency U @ A45% 3
IEnCnSrrqlelzl o;:_eraltion t_r;eh /' Multi-cycle traces 22C
will actively switc .
this valve to ena»l;le the Instrumentation UDDS @ - 1.28% 13°C
transmissionwarm up Trans Heat Vanab"'ty experience 7C
Exchanger
5 cycle FC Benefit [%] CO, Benefit
“ATW Auto” - the ECU “ATW Off” = transmission Pink background indicates that /mi
decides the position of the three heat exchanger is always by- engine coolant pass through the [g ml]
way valve (normal operation) passed (3-way valve disabled) transmission heat exchanger FC Clty 0.85 410
120 FC Hwy 0.08 0.29
e FC Comb 0.56 2.39
= ’I : - N
g ;’ > While statistically significant, the
2 20 [ results above are only for this
= : oo . s particular car with this particular
22°C Ambient Temperature Time [s] active transmission warm up system
13 Argonne &
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ACCOMPLISHMENTS: LEADERSHIP IN GLOBAL
PERFORMANCE AND EFFICIENCY STANDARDS

Standards are critical to tech adoption
Over Predict

= SAE J2908 Hybrid System Power Rating
— Chaired task force (start: 2015), ran tests, - Technology promises too much

authored document All Claims come from a TEST * Experience not matching expectations
— Status: now ready for ballot + Attention not warranted

* Funds are misdirected

* “Poisoned Well” (diesel in USA '80s)
A True Representation

— International: Harmonize with Technology Claims
ISO WD20762, co-ordinate with UN GTR .

= SAE J1634 Electric Vehicle Efficiency

and Range Under Predict
Analysts Consumers . e e T REREE
— Contributor to 2017 re-issue, . - . Ltt:ntitljng:ot gc:vent ‘
refinement to save test burden c N(.J adoption, ben‘efits not predicted
— In-person, and public “thank-you” * Missed opportunity by DOE
from a GM Director
= SAE J1711 HEV/PHEV Efficiency and Jeeibvel heny i WEricie Fower
Efficiency and Range Rating
CD Range (Planned revision in 2017/2018)
= SAE J2262/J2263 Coastdown and HEVS | o e j1711
Roadload (Developed new roadload PHEVs SAE J2908
measurement methods, useful for CAVs)
= Research on Reconciling Dyno, On-road, BEVs  SAE J1634
“Real World” Tests

14 Argonne &
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COORDINATION: EXISTING COLLABORATIONS WITH
OTHER INSTITUTIONS

. )
International
- Joint Research Centre (EU)
J1711 HEV & PHEV test
\ procedures CK:QEERCI:H (Korea)
AVTA (Advanced Vehicle J1634 EV test procedures . 1SO
Testing Activity) < |nternational - JARI (Japan)
Baseline dynamometer - IEA D
testing of vehicles
QNI
\IHL Arene (DOE technology evaluation )
Idoho National Laboratory g ionaL cecet )
''''''' *DOE requests
*National Lab requests
— < oMRsL NL
w m1 e r%ne
( k [ A g.‘.’.'m",.. )
AVTC (Advanced
Vehicle Technology
Competition B aVey g USCAR, tech teams and OEMs
Universities Shared test plans, — _~—_
data and analysis Usﬂﬁﬂ/ﬁ
\ Eco C‘f@ /\F%2 ~ L L .
Autonomie Chrysler P
Support of modeling
and simulation with data GM
7~ L
\_ AUTONOMIE » Y, Ford @

15 Argonne &
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PROPOSED FUTURE WORK: 20 YEARS OF CONTRIBUTIONS
TO RAPIDLY IMPROVING AUTOMOTIVE TECHNOLOGIES

‘ ‘ [ Downloadable Dynamometer Database ]

AVTC ] [ Modular Automotive }[ CAN decoding ]
Testi EPA Technology Testbed
esting @ % [ Modular DAQ ]

PEMS [ Robot driver ]

Clayton 4WD Hydrogen 2WD Thermal
chassis chassis capable chassis Chamber
rolls dyno dyno

Facilities and tools

Y i

: "';'tj__m iy L I

= " §
% s

| ] y
N 99 Japan In-situ Emulated BMW X-prize Thermal
‘E Prius — [ engine }[ battery in Hydrogen 7 &mpact on
@ | component mapping PHEV-FCV HEV, BEV
& | andcontrol ——
q>) conversions Any proposed future
Q Stranded work is subject to
c [ OEM PHEVs ] [ Energy [ Thign;ac!anr"ltule change based on
Qo | i i funding levels
< SAE J1711/J1634 / J2951 / J2608 / J2908 /.. ]

Contlnued Technology Assessment (CVs, HEVs, PHEVS, BEVs AIt fuel) ]

T T 6 T T T Argon ne 6
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SUMMARY

4 \( )

Dynamometer DOE Partner

= APRF Vehicle Technology Evaluation Activity Downloadable ([ Data Sets
continues to provide precise laboratory test data for a Database ;gn;saaizsmvcv;re s

wide range of vehicle technologies that address DOE \___ “w-=2n'eov/ds/ )i el Y,
goals

» Highlighted Accomplishments from Vehicle

~

Technology Evaluation APRF
— BMW i3 range extender investigation, 2016 Chevy
Volt, 2017 Toyota Prius Prime Independent
— Ablended PHEV study and an active transmission and Public
warm up study Data and
— Significant contributions to global automotive

Analysis
testing standards )

— Test results and raw data available publicly at the
Downloadable Dynamometer Database website hnol
(http://www.transportation.anl.gov/D3/) Technology Assessment

Modeling and Simulation

Independent Public Data

» Continued Link to Industry is an important
component of vehicle testing
— Industry technology experts provide insight into
what data is of interest, and assist in aiming testing
direction
— The APREF relies on technology assessment and
research contracts from industry

17 Argonne &
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TECHNICAL BACK-UP SLIDES




ADVANCED POWERTRAIN RESEARCH FACILITY R —
Argonne ™ 4wp CHASSIS DYNAMOMETER THERMAL TEST CELL ENERGY

NATIONAL LABORATORY

* Research aspects

v' Modular and custom DAQ with
real time data display

v Process water available for cooling
of experiment components

v Available power in test cell
- 480VAC @ 200A
- 208VAC @ 100A

v' ABC 170 Power supply capable to
emulate electric vehicle battery

v/ Custom Robot Driver with
adaptive learning

v Several vehicle tie downs

- chains, low profile, rigid,...

- 2, 3 and 4 wheel vehicle capable
v Expertise in testing hybrid and
plug-in hybrid electric vehicles,
battery electric vehicles and
alternative fuel vehicles

«Research and Data D_riven L”ab"
L «|ndependent Public Data

* Test cell features

v' 4WD chassis dynamometer
- Variable wheel base (180inches max)
- 250 hp/axle
- 300 to 12,000 Ibs.. inertia emulation

v/ Radiant sun energy emulation

850W/m? (adjustable)

Variable speed cooling fan (0-62mph)

Gaseous fuel and hydrogen capable

v Diesel: Dilution tunnel, PM, HFID

* Thermal chamber

v' EPA 5 cycle capable
(20°F, 72°F and 95°F + 850W/m2solar
load)

v Demonstrated as low as 0°F

v Intermediate temperatures possible

—~

v
v

1 - . .

» Special instrumentation
High precision power analyzers
(testing and charging)

CAN decoding and recording
OCR scan tool recording

Direct Fuel Flow metering

Infra Red Temperature camera

In cylinder pressure indicating
systems

In-situ torque sensor
measurement

v' 5 gas emissions dilute bench with
CVS (modal and bag emissions
analysis)

FTIR, Mobile Emissions unit

Raw and Fast HC and NOx bench
Aldehyde bench for alcohol fuels

SN <

\

=]

ASANEN

4
=
ot

-.r’/ ': - p —-f’ 4 ’ = v 4 4 ‘)/, . . II .
APRF %;/Snc&f Pom>ﬁtrain Research Facility)|



/\. ADVANCED POWERTRAIN RESEARCH FACILITY
Argonne 2WD CHASSIS DYNAMOMETER ENERGY

NATIONAL LABORATORY

«Research and Data Driven Lab”

- 7 /
«|ndependent Public Data » Special instrumentation
High precision power analyzers
(testing and charging)
CAN decoding and recording

OCR scan tool recording

AN

( Test cell features

v' 2WD Light Duty / Medium Duty

v
_ v
chassis dynamometer v’ Direct Fuel Flow metering

- 300 hp ;.\ v Infra Red Temperature camera
- 300 to 14,000 Ibs.. inertia v" In cylinder pressure indicating
emulation Systems
= 10,000 Ibs.. max Welght driven v' |n-situ torque sensor
axle measurement

v Multiple cooling fans available

v Vehicle lift (max 10,000 Ibs..)

v" Remotely located control room with
conference area

v SEMTECH-DS (Mobile
Emissions unit) with AVL DVE
mass flow sensor

A
ﬁResearch aspects
v Modular and custom DAQ with
real time data display
v’ Flexible to adopt any drive cycle
v Available power in test cell
- 480VAC @ 200A & 100A V .
- 208VAC @ 50A, 30A & 20A x3 S N
v' ABC 170 power supply capable to
emulate electric vehicle battery
v Custom Robot Driver with
adaptive learning
v’ Expertise in testing hybrid and
plug-in hybrid electric vehicles,
battery electric vehicles and
alternative fuel vehicles

APRPNanced PowertlMResearah Mlﬂ.‘y)—



APRF PROVIDES INSIGHTS
BEYOND THE EPA NUMBERS /

RELENTLESS PROGRESS OF CONVENTIONAL
VEHICLES (2012) 2004 Facus

2012 Focus

General technology Improvement trends:

= Improved aerodynamics and lighter weight

* Advanoced fransmissions (high gear number, DCT,
aggressive locking, CVT ) E

+ Advanced engines (VWT, GOV, turbo down szed, 2L PFI
cylinder deactivation. ... 4 spd aulo

= Vehicle system level (start-stop, deceleration fuel cut
off, accessory load electrification) oﬂ“""m W'ﬂe WWW :—ﬁnﬂ’; ngine

/ ;: hLI.i J "lln
] g7 Fual cut off dun‘ng de:eiaraﬂon
100% o, 2012 | 2017 # T
H

40% = Spread always

. I Argonnz &
Adjusted Fuel Economy .
60% = I Engine Load Optimization with Hybrid Systems

Percent Change Since 1975

u::ﬂzn “0N" of time

2 -

= 2

20% 5 3500 ;

3003 ;

3. o §

05 - o 3
\ei g ht W0 w0 is0 200 800 1000 1500 2000 m..m -
Engine speed [rpm] Engine speed [rpm] Eﬁ

Dats note: UDDS hat slan § T2F Arbient

BLENDED PHEV TO EREV CHARGE DEPLETION ON US06

[Vncies—Toaicopncy

2013 Prius
PHEV

—40%- | APRF data

T T T T
1975 1980 1985 1990 1995 2000 2005 2010 2015 {020

\
Model Year \

\

EPA report updated annually: \\

www.epa.gov/oms/fetrends.htm \

44 kWh

Lyt
2018 Accord Hi
FHEW L

g:imfwm 5 KWh ﬂj UF JJI.J

e -

2016 Vot 18.4 kWh

Zee o T
) -l gl ol aillnl] gl Bl mia
.

T

|

l

|

l

|

l

|

‘€@ 4 49494909090909090902020mme=m—-= - =/ ' ;
() ~ H
80% = %"ﬂ — : o

L~ |

l

|

l

|

l

|

l

|

l

|

l

|

l

|

l

|

l

|
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www.epa.gov/oms/fetrends.htm

2017 TOYOTA PRIUS PRIME

Vehicle features:
» Toyota 2ZR-FXE 14, 1.8L Engine
— High-expansion ratio Atkinson cycle
— 71kW @5200, 142Nm @3600
— 16valve DOHC, VVT-I, cooled EGR, SFI
« THS-II, the next generation of the power split ~ ]
— MG1: 23kW / 40Nm (Gen, Eng Start) : |
— MG2: 53kW / 163 Nm (Gen, Drive wheels)
— One way clutch enables dual motor | 2 _
operation . :
— Boost Converter to 600V -
« 8.8kWh (25Ahr) Lithium lon battery pack '
— 95 cells (19 cells x 5 stacks)
— 351.5V Nominal, air cooled
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AIR COOLED BATTERY PACK IN PRIUS PRIME

Testing Note: Preceding testing
include FCT USO06 and charging
which caused the elevated initial
battery temperature

15 Battery temperatures Temp increase
5) ® paused” Full on US06 e ——,
= Temp increase charge with
g from max charger
© 401 acceleration m
g \\;—_
aE) Temp spread
IR of6-7C |-
20 Cooling operation,... e,
. <] : [ — T e L S I
- i .._ g Charge and discharge limit [kW]
Lo i, s PO M — — — — — l:I = o =l
Battery SOC [%)] ! = H -
20 ; it T
1 / _: sk e assssssadaaFannnnas :
¢ Batt cooling fan :
Battery temp. [C] 'l Max power : request [%] ;
n Rege limited 3 3
n limit resulting in
reduced
0 ] LY 1'“m| / acceleration
Vehicle speed w ” % A | ]
: i < “
Battery power [kW] b ;] \ 5 :
-40 —|— = - P - !
Steady state 1 Max Dyno forced I Max FCT I :
0 speed tests 1000| accel regen 3000 accel UsSoé6 5000 6000 2017 Prius
tests charging tests testing Prime
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MEASURING SMALL CHANGES IN FUEL CONSUMPTION
WITH CONFIDENCE IS DIFFICULT

_ Test plan A /quot D_iver\

= Establish statistical confidence

— Repeats relative to expected change Statistics
Bag FC [L/100km]
= Powertrain thermal conditioning is critical B T VR Y R P
~ Consistent overnight soak period et IRl o
— Consistent time between tests Som | o osms o oem
— Consistent test plan day-to-day “Sample size, mean,
= Considerations to minimize test to test standard deviation
iabilit and confidence =
variability . . _interval calculations
— Vehicle on dyno for duration of testing - S =
— Robot driver (+ SAE J2951 metrics) Instrumentation
— Same staff for consistency in daily execution Fuel consumption: = === |
(small nuances within standard procedures can have a | ..5rbon balance + ' Continuously on
small impacts on consumption) direct fuel flow Consistent soaks rolls for 29 test days
— 12V battery tender over night (removed for testing) | Vehicle analog+CAN: \ and repeated days )  and 2000+ miles
. *behavior changes .
= Other factors considered =3 [ Multi cycle drlve trace
_u:meNatunaILabc bcryAPRF 4WJDy nnnnnnn Tast ID: 51612005

— Hood closed, Vehicle fan in speed mode,
weekend soak, vehicle loss determination, modal
background, multiple fuel flow measurements in
additional bags

24 Argonne &
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